Falls are a major concern in the elderly population with chronic joint disease. To compare muscular function and functional mobility among older women with knee osteoarthritis with and without a history of falls, 15 elderly women with a history of falls (74.20 ± 4.46 years) and 15 without a history of falls (71.73 ± 4.73 years) were studied. Muscular function, at the angular speed of 60, 120, and 180º/s, was evaluated using the Biodex Isokinetic Dynamometer. The sit-to-stand task was performed using the Balance Master System and the Timed Up and Go test was used to determine functional mobility. After collection of these data, the history of falls was investigated. A statistically significant difference was detected in the time taken to transfer the center of gravity during the sit-to-stand test (means ± SD; non-fallers: 0.35 ± 0.16 s; fallers: 0.55 ± 0.32 s; P = 0.049, Student ttest) and in the Timed Up and Go test (medians; non-fallers: 10.08 s; fallers: 11.59 s; P = 0.038, Mann-Whitney U-test). The results indicated that elderly osteoarthritic women with a history of falls presented altered functional mobility and needed more time to transfer the center of gravity in the sit-to-stand test. It is important to implement strategies to guarantee a better functional performance of elderly patients to reduce fall risks.
Introduction
A clear process of demographic aging has been observed over the last decades. In this scenario, Brazil stands out by presenting one of the largest growth rates of the aging population, reaching about 10% in the 2000 decade (1) .
The aging process is accompanied by changes in the musculoskeletal system such as sarcopenia and by compromised muscular function (2) . These declines have been correlated with a decreased capacity of accomplishing activities of daily living (ADLs) (2) .
Chronic-degenerative diseases can manifest in association with the changes that occur with the aging process (3) . Osteoarthritis (OA) is the most prevalent chronic degenerative joint disease in the elderly population (4) . The main signs and clinical symptoms of this disease are pain, edema, stiffness, and articular instability (5) . When OA affects weight-bearing joints, mainly the knee, it leads to a marked decline of muscle function and consequently to a reduction of balance and especially of the ability to perform sitto-stand tasks, to gait alterations, functional limitation, and loss of independence (6, 7) . Therefore, OA is considered to be an intrinsic risk factor for the occurrence of falls (8) .
Falls constitute one of the major public health concerns. They frequently have a negative impact on the life of elderly women and could lead to an increase of dependence, fear of new falls, fractures, institutionalization, and death (8) . The detection of factors possibly associated with falls may allow professionals to implement a secondary preventive intervention of great importance due to the fact that suffering a first fall increases the risk of a second fall (8) .
The study of falls in patients with OA is essential, given the fact that these elderly women are more inclined to fall. Both OA and falls generate a significant burden for health services (8) .
Literature data correlating OA and falls in the elderly are scarce. Therefore, the purpose of the present study was to compare muscle function and functional mobility between faller and non-faller elderly women with knee OA.
Material and Methods

Subjects
This was a cross-sectional study of a sample composed of 15 elderly women with a history of falls and 15 elderly women with no history of recent falls. The communitydwelling volunteers were recruited from different social senior groups and from the University Hospital Outpatient Clinic. The inclusion criteria were: age of 65 years or more, clinical and radiographic diagnosis of bilateral knee OA based on the criteria of the American Association of Rheumatism (9) and the ability to walk at least 20 m without any aid. Exclusion criteria were the presence of another concomitant musculoskeletal disease, the presence of neurological diseases, history of hip or knee surgeries, and the presence of cognitive deficits assessed by the Mini-Mental State Examination (10) .
Instruments
Before starting data collection a pilot study was conducted to establish intra-rater reliability of all measurements which yielded moderate to high (0.70) intra-class correlation coefficients.
The isokinetic dynamometer Biodex System 3 Pro (Biodex Medical System, Shirley, NY, USA) was used to evaluate muscle function. The isokinetic dynamometer is an electromechanical instrument controlled by a microcomputer, which offers the possibility of objectively and quantitatively evaluating physical parameters of the muscle function such as strength, power and resistance in different joints during different angular velocities (11) .
Performance during the sit-to-stand task (STS) was evaluated using the Balance Master (NeuroCom ® System, NeuroCom International, Inc., Clackamas, OR, USA). This instrument has two adjacent force platforms connected to a microcomputer which are capable of detecting the center of gravity (CG) sway during different tasks (12, 13) . The equipment provides quantitative data through balance tests that reproduce ADLs (12) . The STS test is significantly correlated with the Performance Oriented Mobility Assessment scale and with functional measures of gait (14) .
The Timed Up and Go (TUG) test was used to evaluate the functional mobility of the participants. The TUG is a test of easy and quick application that does not require special equipment and that could be easily included as part of the routine evaluation of elderly individuals (15) . The TUG test measures in seconds the time taken by an indi-vidual to get up from a chair, walk a distance of 3 m, turn 180º and return to the chair, sitting down again (15) . The chair used for the test was armless, 44 cm high and had a 20º angle of inclination of the backrest. This test has a concurrent validity of moderate to high when correlated with gait speed (r = -0.61) and with the Berg Balance Scale (r = -0.81), as well as content validity (15) .
In order to evaluate knee pain a visual analog scale of 10 cm, with a mark indicating "no pain" at one end and a mark indicating "unbearable pain" at the other, was used prior to testing. The participant was asked to mark the amount of pain felt at the time of evaluation.
Procedure
After approval of the project by the Ethics Committee of the Federal University of Minas Gerais (UFMG), Belo Horizonte, MG, Brazil, the selected individuals received a detailed explanation about the procedures of the study and signed a consent form to participate. Data were collected on two nonconsecutive days in order to avoid muscle fatigue, at the Laboratory of Motor and Functional Human Performance, Physical Therapy Department, School of Physical Education, Physical Therapy and Occupational Therapy, UFMG. Demographic and clinical aspects such as age, body mass, body mass index, number of co-morbidities, number of drugs in use, and amount of pain felt on the side of the body more or less affected were obtained for each group. The most affected limb was determined on the basis of the participant's self-report based on knee pain and discomfort.
For the isokinetic evaluation, the individuals were positioned in the dynamometer, sitting with the trunk, pelvis and thigh stabilized by belts. The less affected lower limb was evaluated first. The back of the chair was inclined at an 85º angle and the rotational axis of the device was aligned with the rotational axis of the knee joint, at the level of the lateral epicondyle of the femur. The lever arm was positioned parallel to the leg, with the support cushion fastened immediately above the lateral malleolus. The test was performed in a total range of motion of 85º, starting at a 90º-angle flexion of the knee. According to the manufacturer's instructions the mass of the lower limb to be tested was measured so that gravity correction could be guaranteed. This measurement was made with the knee at 5º of flexion.
Muscle performance was evaluated bilaterally at angular velocities of 60, 120, and 180º/s during concentric quadriceps and hamstring contractions. To assure familiarization with the procedures of the test, 3, 4, and 5 repetitions were performed in a submaximum effort at speeds of 60, 120, and 180/s, respectively. The test consisted of 5 repetitions at 60º/s, 10 at 120º/s, and 15 at 180º/s. There was a 30-s interval between the velocities tested. During evaluation, the volunteers were verbally stimulated to move the lever of the dynamometer as fast and as powerfully as possible, trying to produce a maximum torque. Any complaints reported by the participant were taken into account and, if necessary, the test was stopped.
The test in the Balance Master was done with the participants barefoot, to eliminate the effects of shoe use (16) . The individuals sat on a bench according to manufacturer instructions, with the arms resting by the sides. They were requested to stand up as quickly as possible without the help of the upper limbs or any other physical aid. A familiarization trial and consisting of three repetitions of the task was performed.
The participants were instructed not to use their arms to get up and to walk as quickly as possible, but in a safe way in the TUG test (17) . The participants walked barefoot to eliminate the effects of shoes (16) and no physical help was given. First, a familiarization test took place. Soon afterwards, two timed tests were performed and the final result was calculated as the mean of these two times (18) .
At the end of the evaluations, information on the history of falls, such as whether or not she had fallen in the last 6 months, the number of falls, if she was afraid of falling, and if she had stopped performing any activity due to the fear of falling, was collected. A fall was defined as a non-intentional event that results in the shift of the individual's posture to a lower level in regard to his/her initial posture (17, 18) . The participants were divided into two groups according to the following criteria: occurrence or not of fall(s) in the last 6 months.
Data analysis
Isokinetic dynamometer variables. The value of the peak torque by body mass ratio was obtained by the highest point of a series of torque curves (Nm). The work is the area below the torque curve (Joules). The mean power by body mass ratio is the product of the momentum of force by the angular velocity (Watts). All of these variables were normalized for body mass (kg) and the values were multiplied by 100 (11) .
STS test (Balance Master) variables. Transfer time is the time between the beginning of the movement and the arrival of the CG above the feet; elevation index is the amount of force, as percentage of body weight, exerted by the body during the getting up phase and the speed of CG balancing is the sway of CG from getting up to the first 5 s of the stand up posture (18, 19) .
Statistical analysis
Data were analyzed statistically using the SPSS program for Windows, version 10.0. Descriptive statistics of all the variables were reported. Normality of the data was tested by the Kolmogorov-Smirnov test. For the comparison between the two groups the Student t-test for independent samples or the Mann-Whitney U-test was used according to data distribution. The level of significance for the variables analyzed with the isokinetic dynamometer was established at α < 0.017, according to the Bonferroni correction used to adjust the level of significance to the number of comparisons made (20) . For the other variables analyzed, the level of significance was set at α < 0.05.
Results
There were no statistically significant differences between the two groups when the demographic and clinical variables were compared ( Table 1) . Most of the participants who had fallen were recurrent fallers. The mean number of falls for this group was 2.2 ± 1.70 falls in the last 6 months.
Analysis of the fall questionnaire showed no significant difference between groups regarding fear of falling or the reduction of the number of activities performed due to the fear of falling (Table 1) .
There were no statistically significant differences between groups in the three speeds tested for peak torque, work and power values of the knee extensors and flexors of the more affected limb. However, participants who fell tended to have wors- Data are reported as means ± SD for 15 women in each group. BMI = body mass index; VAS = visual analog scale. There were no statistical differences between groups (Student t-test and a Mann-Whitney U-test).
ened muscle function. Also, there were no statistically significant differences when muscle function was compared between the more and less affected limb in the two groups.
Amongst the variables of the STS test, the CG transfer time was the only one that presented a statistically significant difference (P = 0.049). Regarding sway speed, a tendency contrary to the expected one was observed. The participants without a history of falls presented larger sway ( Table 2) .
Fallers presented a statistically worse performance in functional mobility, measured by the TUG test, when compared to non-fallers (10.22 ± 2.27 vs 13.65 ± 5.94 s; P = 0.038).
Discussion
The purpose of the present study was to compare muscle function and functional mobility between faller and non-faller elderly women with knee OA. These outcomes are very relevant for daily life activities, especially in order to maintain independence and autonomy.
There were no statistically significant differences (P > 0.05) between the two groups regarding demographic and clinical variables.
In the present study, the severity of OA was not evaluated radiographically since other studies have established that there is no correlation between radiographic and clinical functional findings (21, 22) .
A statistically significant difference was observed between the two groups for the time of the TUG test. The participants with a history of falls spent more time performing the test. Since the TUG test provides information about transfer, balance and gait speed (15) , this finding confirms the fact that elderly women who have a history of falls have more difficulty in accomplishing functional tasks related to mobility and transferring or are more careful when performing them. The average time measured in this study, 10.22 s for the group without a history of falls in the last 6 months and 13.65 s for the group with a history of falls, agrees with the cut-off points (>13.5 s) proposed (17) for risk of falls. Comparisons with other studies could not be made due to some methodological differences between studies (15, 18) , such as different chair heights, and different samples (16) . A standardization of the procedures of all variables that influence the execution of the test, such as the command given to the individual, the height and depth of the chair, whether or not the use of the upper limbs was allowed, and if shoes were used or not, is necessary for comparisons among studies.
In the present study, the group with a history of falls was slower in transferring the CG during the sit-to-stand movement. Slowing the movement is necessary to control the CG and to maintain a better postural stability. In addition, the control of CG is important to the performance of the movement, given the fact that if the CG is moved forward excessively or not enough, a fall forward or back to the seat could occur, respectively (19) .
The speed of the sit-to-stand movement influences the vertical component of the CG. Faster movements lead to a greater oscillation of this center. Pain due to knee OA might lead individuals to transfer from a sitting to a standing position in a more cautious manner, increasing the time to do the task. This suggests that there might be an underlying dysfunction which can result in a decline in physical functioning and falls (23, 24) .
Pain associated with knee OA may play a role in sway increases. Hassan et al. (25) found knee pain to be a significant predictor of sway in individuals with knee OA. Moreover, there is evidence of a direct association between severity of knee pain and postural sway (6, 26) . Possibly, pain might generate a reflex inhibition of knee muscles which yields an ineffective and imprecise response related to postural control (25) . Furthermore, knee pain could results in lower weight bearing by the affected joint, preventing the ability of a person with OA to maintain the center of mass inside the base of support (27) .
The results of the present study suggest that elderly women with knee OA associated with history of falls present worse performance in functional mobility and require a longer period of time to transfer the CG during a balance test when compared to a similar group without a history of falls. Another important aspect to be considered is the elevated rate of occurrence of fear of falling in both groups, probably as a consequence of OA.
Thus, it is important that proper strategies be implemented to assure an improved functional and balance performance of these elderly women, which may result in a higher level of confidence regarding the performance of daily tasks, in order to reduce the risk of falls.
